Computational Tools Unravel Putative Sterol Binding Sites in the Lysosomal NPC1 Protein.
Two proteins have been linked as the critical components in the molecular mechanisms involved in the Niemann Pick type C (NPC) disease: NPC1, a 140 kDa polytopic membrane-bound protein, and the smaller (132 residues), water-soluble NPC2 protein. NPC1 is believed to act in tandem with NPC2, transferring cholesterol and other sterols out of the LE/Lys compartments. Mutations in either NPC1 or NPC2 can lead to an accumulation of cholesterol and lipids in the LE/Lys, the primary phenotype of the NPC disease, but approximately 95% of identified disease-causing mutations have been mapped to the membrane-bound NPC1 protein. Here, we investigate the full length, membrane-bound NPC1 protein computationally using a combination of molecular modeling, docking, and molecular dynamics (MD) simulations. An analysis of titratable amino acid side chains, several buried in protein pockets, reveals several nonstandard protonation states for the low-pH scenario (pH 5) that is realized in the lysosome. Together with the location of these buried amino acids, docking studies have identified putative lipid binding domains that are in close proximity to amino acids that, when mutated, are connected to NPC1 loss-of-function. Using energy analyses and MD simulations, we analyze these domains as potential cholesterol binding sites and propose the possibility of multiple sterol binding pockets enabling the intramolecular transport of sterol molecules to the transmembrane domain.